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COMPLETE SPECIFICATION 

Improvements in Condensing Surface Straetores partlenlarly 
for use in Distillation Apparatus 



Wcy Genekal Electmc Company, a Cor- 
poradon organized and existing imder the 
laws of the State New York, United States 
of Ammca» residing at 1 Kiver Road» 

5 Schoroctady 5, New Yoiic, United States ci 
America, do hereby declare the invention^ for 
which we pray that a patait may be granted 
to us, and the method by which it Is to be 
performed, to be particutoly described in and 

10 by the following statement: — 

The invention relates to condensing surface 
structures pardculazly for use in distillation 
apparatus and it has for one of its obfects to 
effect certain improvements therein by which 

15 greatly incr^ised amounts of heat tiaisfer aio 
obtained* 

In certain classes of such aipparatas» steam 
is applied to the surface of a heat conducting 
barrier to heat the barrier by reason of the 
20 latent heat of condoisation flowing from the 
vapor into the barrier. By dnJs heating the 
surface, disdlland applied to the opposite 
surface may be vaporized, the latent heat 
being transferred from the barrfer to the 
25 vapor produced on the other, or output side. 
This vapor may then be condensed on the 
first-mentioned surface of the barrier as in 
compr^ioii distillation apparati^ or con- 
vcyed by conduit to a separate condensation 
30 surface as, for example, in molecular distil- 
lation apparatus. 

The efficiency of sudt apparatus is depen- 
dent vqpon many factors which a^ect the 
transfer of heat from the vapor to tbe barrier 
35 on the input tsid^ its transfer through the 
barrier, and its transfer from the barrier ta 
the vapor on the output, side. Since the barrier 
itself can be made of Hgh heat conductive 
material, it may be disregarded and we may 
40 consider only the other two coefi&d^ts of 
heat transfer. 



It may readily be shown that increase in 
either the coeffidcnt of transfer of heat from 
vapor to the barrier <hi the input side» or that 
frcHn the barrier to vapor on the output side, 
tDctesses to some extent the total coefficient 
of transfer of heat from vapor ooi the isiput 
side to vapor on die output ad& 

It can also be sisocwn tlmt the heat transfer 
coefficient indicating vapor to vapor transfer 
energy increases substantiaDby more vdien 
both co^cients are increased smniltaneously 
than would result if each poefficient were 
increased separate and the individual in- 
creases thus achieved were added together. 

For example, i^ us assume a simple vapor 
barrier of cylindrical form having High heat 
condiictivi^ and having vapor ^pHed to the 
external surface for condensation thereon to 
heat the barrier and having dxnilland sppUed 
to the inner surface to be vaporized by the 
heated barrier. Wb may dten Let U equal the 
total ovendl heat transfer coefficient from the 
vapor on the ootside of the cylinder to the 
vapor on the inside of tlm c^^&ider, and we 
may let ha be the heat transfer coefficient 
from the vapor on the out^de of the cylinder 
to the barrier, and hg re^Hesent the heat 
transfer coefficient from the barrier to tte 
vajpor inside of the cylinder. Then me may 
writer 
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We may then coamder several different 
sttuadcHis as represented by the following 
t^le: 



75 



2 



889,157 



Heat Transfer Coefficiekts 





Input side 
baixier 


Output side 
baiiier to 
vapor 


Total Vapor 
to vapor 


Percent 
Increase 


Case 1 
Case 2 


2,000 
1^000 


500 
500 


4001 
482 J 


20% 


Case 3 


%000 


40^000 




445% 


Case 4 


1^000 


40^000 


10^50 J 



In each case, the coefficient of heat transfer R« Gregorig, in an article published in 
is to be considered the Dun^» of British "Zeitschrift fuer Angewandte Matfaemadk 
themial units (BTU) trananitted per square imd Pl^sik", VoL 5, 1954, pages 36 — 49, 
5 foot of area of the barrier per decree Fahren- describes a condensation surf see which is 
heit across the medium through which heat undulated or fluted to increase condensadotn. 55 
is to be trauisferFed; as;, for example, frcnn In that structure the condensation surface is 
the YapoT on the input side to the barrier vertical and is undulated vertically. The nn- 
and from the barrier to the vapor on the duladons are ol sine wave form and produce 
10 output side, the total Isat transfer coefficient a very thin film wbh lopw heat transfer resis- 

being the heat transferred from vapor on the tan^ at the simmiits of tiie protruding por* 60 
input side to vapor on the output side. The tions of the undulations. The' condensate is 
total coefficient in the above table is com- drawn by suiface tension irbni ihc summits 
puted from the other assumed quantities by into^ and substantially filling, except for the 
15 use of the above equation. effect of gravity^ ilie grooves between the .. 

Comparing Cases 1 and 2, in both ofwhkh summits. In liiese grooves the ccmdensate 65 
the otitput heat trailer coe^cient is 500^ we flows downward under the influence of 
see that an mcrease in the input heat transfer gravity and ^^™tyig ^wsiym 
coefiBcient in the ratio of 1 to 7 produces cmiy In aocordance with tbe invention thet^ is 
20 a 20%. increase in the total heat transfer provided a cmdensing surfooe structure;, par- 
coefficient, ticularly for use in distillation apparatus^ 70 

Comparing Cases 1 and 3, in bodi of ipdiidi .made of good heat conductive material, one 

the input side coeffideht is 2j000, an increase surface of whidh serves as an evaporation 

•in the output side coefficient in the ratio of surface;, the other isiirfate being fluted w 

25 1 to SO increasies the output coefficient by undulated verticfldly and serviz^ as a vapor 

375% over the quantity obtained in Case 1. condensing airfoce and cnndensate runoff; 75 

Now^ conq^aring Cases 3 and 4, in both liquid to be evap<nateid being distributed on 

of which the output heat transfer coefficient said ev^oration sur^ce in form <^ a thm 

is increased to 40,000, an increase of the in- film, wherein the flutings or undulations are 

30 put hieat transfer co^lcient in the ratio of 1 formed such that die valleys between crests 

to 7 produces a still further increase in the serving as condensate nmdff the unsymme- 80 

total heat transfer coefficient of 445% over trical with respect to a luie between the t^ 

die quantity obtained in Case 3. of the crest and die bottom of the valley^ - 

An object of the invention is to produce a such that the flutings fonn narrow grooves^ 

35 vapor condensation- barrier, having a total ilie condensation area of each crest being 

heat transfer coefficknt from vapor on one larger than diie valley runoff area, preferably 85 

side of the barrier to vapor on the other at least twice; as laxip;, thereby effecting effi- 

having a vahie. comparable to that of Case 4. dent heat tnm^er tibiiroiig^ sthicmre by 

The high coefficient of heat transfer on both combining a maziihum condensing area sub- 

40 sides of the barrier is obtained by.d^gning stantially free, of condensate with a Tnihimnrn 

the vapor TOiideii'gang surface profile of -the; area f<)r. dr^ixi^e. - v 90 
vBspor bsmtr tdr-fxidzimize the ccmdeinsatiisii . Bti^y, th^riefori^ die mivendon provide a 

of vapor on it and the transfer of heat through fluted cbhdenstc^ sur^ce haying butwardpn^ 

it. This maximized heat transfer coefficient jections and valleys dieiebctween so profiled 

45 combined with the high output side heat and proportioned as to masdmize the h^t 

transfer coefficient produoed, for example, by transfer coefficient from the vapor to the 95 

die slii^er bearing action of a wiper utilized surface. 

for distributing the distilland over the barrier Effective use is thus made of surface tenson 

resnlts in greatly increased heat flow through in the film of condensate to drain off the 

50 dre barrier. cond^isate into narrow grooves while a tinn 
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film of candensatc having law heat transfer 
resistance is maintamed over the broad crests 
on both sides of each groofve,^ 
In the accompanying drawings: 
5 Fig. 1 repieseots a surface otmstnicted in 
accord with this hivention; 
Fig. 2 shows a crass section thereof; 
Fig. 3 is an enlarged cross section of a 
pair of adjacent protruding portioDS of adja- 

10 cent imdulations of the surface separated by 
a narrow drainage groove; 

F3g. 4 showsjjbywayof txass^l^ an appar- 
atus of the vapor condensation type having 
high heat transfer coefficients for both sides 

15 of the barrier; 

Fig. 5 shows a detafl thereof; 
Fig. 1 shows a cylinder 1 of heat con- 
ducting material whltdi may comprise ^ar 
example, the vapor barrier of a distiUation 

20 apparatus. The inner cylindrical smface 2 is 
cooled to efiFect amdensation of vapor on the 
outer surf^». If tMs outer surface were plain, 
like the imiier surface, the barrier would have 
its lowest heat transfer coefficient through it. 

25 Any grooving of the external surface increases 
this heat transfer. The external surface is 
provided with parallel vertical ^»oves or un- 
dulations having outwardly projecting crests 
4 and inwardly projecting valleys 5. These 

•30 broad crests provide a masdmnm area for 
condensation of y.^or while the narrow 
grooves restrict the runoff to the minimnm 
area necessary for channeling dK runo£F; 
Fig. 3 shows, in a greatly enlarged way, 

35 two of these crests 4 and a valley 5 there- 
between profiled and proportioned in accord- 
ance with the invention. 

The condensation area on each crest 
extends not only over die summits, but also 

40 over the entire sides of the outward projec- 
tions aswdl, a distance of twice the length w. 
Drainage is confined to the surface area of 
radius R between the bottoms of the crests, 
or outward projections, and extends over the 

45 relativ^y narrow range between one lengdi w 
to the adjacent lengdi w. 

The term "crest** is intended to apply to 
the entire projecting pordcm of the undula- 
tion, having the width 2w as shown in Fig. 3, 

50 not merely the snixmiit pordon of die projec- 
tion. In general, the crest is aU of that por- 
tion projecting above the surface of con- 
densate flowing in the drainage groove. 
The surface profile required to produce 

55 maximum CDndensaticm piay be calculated 
mathematically by considering die forces 
acting : on the condensate fihn. It can be 
shown mathiexnatically that dK f (blowing 
rehatikms exist:. 

60 w :=half (width of the crest of the undula- 
tion 

X distance from sunomit of cxes^ along 
arrow w 



r —radius of curvature of ^est at a dis- 

. tance x, from summit 
ro radius of curvature at suomiit of crest 
fi = viscosity of condensate 
T =Total thidmess of the film in an incre- 
mental portion on the surface 
Hl = latent heat of condensaticm 
d = density of condensate 
cr = surface tension of the condensate 
k =heat transfer coefficient of the con- 
densate 

At = temperature difference between outer 
surfoce of the fihn being ev^^rated 
and the surface cm which condmsati<Hi 
takes place 

L =Vertical length of surbce 

Ri = total internal heat transfer resistance, 
including that of the waU between the 
evaporating and condensing surface 

m :=ratio of length of groove before it is 
full of condensed liqcud, to total ver- 
tical lengdi L. 

Assumptions: 

(1) ^urface^ on which profile is to be pro- 
vided is cylindrical and of diameter which is 
large with re^>^ to d^nh of undulations. 

(2) Radios r is infinite, at distance r=w 
(or, angle B, Fig. 3, =v/2). 



T 
or 
I 



r 

-^0 



To 



3m AiKy^ 
ZT+ Hfd 



_Cx2 



(1) 
(la) 



c ^ 



(2) 



This equation (2) determines the radius iR 
of the semi- circular drainage groove and with 
equation (1) for the cres^ the entire profile 
of the surface undulation is determined. 

The maximum condensing areas can now 
be calailated. The following is obtained: 



• 37I_ 



4C ' 



or 



(3) 



65 



70 



75 



80 



85 



90 



where C is a constat indnding all constants 
in equation (ly From these equations (1) and 
(la) the profile of that portion, on which 90 
fihmvise condensation occurs may be con^ 
structed, i.e., tte area of one half of die 
crest in Fig. 3. Further, 



95 



100 



and ro is determined: 



4 
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m 



(4) 



Ums, sabsdtating (4) in (la) and iovertiog: 



I 



-Cl^ (5) 



To construct the pnxfile, let it be assumed 
5 that water is the loedhim to be condensed on 
the surface -and that condensation occurs at 
A9^ C Then the 'vahies for various constants 
are as follows: 

/I, viscosity: .0055 dype-seconds/sq. an. 
10 k, heat transfer corf&cient: 



.00154- 



g. caL 



cm. sec deg. C. 

Hi^ latent heat of condensation : — 570 cal./ 

gram d, density: .99 grain/cubic chl 
a-y sucface tomon of condensate: 68 dynes/ 
15 cm. 

The tube profile shall be designed for a 
fihn ihkimess T of .00075 cm. for a differ- 
ezDce in temperature At across the barrier of 
2 d^ees Centigrade and a ratio m=2/3. 
20 Then applying equation (1): 

1 1 3 (55 X lO--*) 154810-^) x» 

T"" r» 2 (75 X IQr^ 4 (570) (68) ( 99) 



= 2100 X* 

To 

and C=;:2100. 

From equation (4): 

4 -Va 

ro=( ) (2100) =.044 cm. 

3n 

This is the radius of curvature at the summit 

of the cicst. 

From equation Q^i 



w-(- 



=.103 cm. 



4 X 2100 

30 ThK is the total distance from the sunmit of 
the crest to the extremity of the crest where 
it joins the drainage area. 
From equation (5): 



The radius r, for any point of the surface^ 35 
at any distance x from the summit of the 
crest> may now be calculated from equation 
(6) above. 

The values appearing below were obtained 
from equation (6) and the relation Ax = rA/^ 40 
(in radons). 



ABo = 44«> 
i5kBi=:23.5 
AB8 = 17 
AB, = 5.5 



To = .044 cm 
ri = .051cm 
r2=.068cm 
r, = .147 cm 
r«sr320cm 



45 



r=pl/(23.S- 2100x2) 



Fig. 3 is drawn rcMighly in proportion to 
these values showing the different radii r©, 
Ti, r^y and r^ and the differmt correspond- 
mg angles /ifi^ AjS^, Afi^^ and aA. After die 50 
first radius r^ and its corresponding angle 
A)?« is laid off on the drawing, the other radii 
and corrcspondiiig: angles may be laid off on 
the drawing in succession. 

It will ht observal from Fig. 3> that the 55 
area to which drainage is confine^ which is 
that area haying the radius is substantially 
narrower than die condieosation area^ the 
latter being the entire balance of the ^Eurea. 
All condensation on the length **w^ at each 60 
side of the drainage area dxidns reason of 
surface tension in the condensate ffkn substan^ 
tially horizon^lly toward the dramage area. 
Wkh the codfiguration shown, the area on 
which condensation oc cur s is not only greater 65 
than the drainage niea, but is std>stantially 
greater than ^e total surface area would te 
were it a plain cylindrical surface. 
_ In a particular application, the highly effi- 
aent condensation surface between drainage 70 
areas was 144% tjf the total tmprofiled sur- 
fsbe, and by such profiling the heat transfer 
coefficient for filmwise condensation was in- 
creased from ^proximately 14640 kilo- 
calories per hour per square meter per d^ree 75 
Centigrade to an actual realized amount in 
excess of three times that amount. Larger 
increases are possible, the realized gain in the 
actual construction having been reduced by 
inaccuracies when cmiosg the profile. 80 

The inventi<m^ howcYer, is not limited to 
die particular profile d^O¥ra i^^ F^ 3, of 
which an example is ccHi^uted hgri^in: 

As illustrated in the drawings if we con^ 
sider the general plane of die . surface to 85 
extend through the center &om which the 
radius defining the draiitagc: .area, is 
nieasured (or approximately v on the line of 
radius r^ as shoi^ on the drawing), it will be 
found that the surface relation between- the 90 
projecting portion and drainage pmitHi of 
die imdulations, is substantially three to ona 
Since the drainage area is covered by drain- 
ing fluid, it contr^utes little to condensation, 
but it occupies only about one-quarter of the 95 
total surface as measured in the above re- 
ferred to general plane. The projecting por- 
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don occupies approximately three-quarters of 
the width of the undulatii^ sarf^^e but only 
twice the size of Ae groove as measured 
along a line tangent to botton of the 
5 groove and parallel to the mme, evaporatiim 
surface. Thus^ the area on which condensatioQ 
occurs uninhibited by substantial drainage 
may be in the neig^boxiiood of 144% of the 
ov&rzil width of the unprofikd surface. 
10 Since the area 5 senses only for drainage 
purposes and does not substantially contri- 
bute to condensation^ it may be of any 
desired slu^e^ such as rectangular or other 
polygonal shape. Sirmtarly> the projecting 
15 pordoQS extending beyond die general plane 
dirough tihe base thereof referred to above 
may also be varied, but it will be foimd 
advantageous always to maintain a peripheral 
length of the area on which condensate occurs 
20 uninbibit^ by substantial drain^e greater 
dian the genial overall width of the unpro- 
filed surface;. The height of ^e projection 
above die general plane will g«ierally exceed 
die width of the drainage area in that plane, 
25 and its width will normally exceed twice the 
width of the draina^^ area in that plane: 

In most appHcations> the depth of the 
drainage groove at distance R from its bottom 
will be not greater than one-half of the height 
30 of the crest at the same diameter of the 
barrier. The skpe of the side walls of the 
crest varies frcHn an angje of substantially 
90 degrees, or one usually greater than 80 
degrees, to the general plane of the sud^ce 
35 to paralldism with that general plane at the 
summit and liquid fk)W5 to a dq>th that sub- 
standaUy inhibits condensanon only in the 
bottom of the drainage groove defined by 
radius except, of course, in the lower one- 
40 third of the length of the surface where the 
draining liquid may exceed the depth R but 
not enough significandy to reduce condeosa* 
don. 

Fig. 4 shows in greater detail a compression 

45 disdUadon apparatus. This comprises a cylin- 
der 1, having an outer surface undulated in 
accordance with the invention^ which is em- 
ployed as a vapor barrier. These undulations 
produce a high heat transfer coefficient irom 

50 the siuTOunding vapor to the barrier. A high 
heat transfer coefl&dent from the barrier to 
the vapor within the cylinder is produced by 
use of wipers 17 whiii produce a very ditn 
film of distilland on the inner sinface of the 

55 barrier from which it evaporates due to heat- 
ing of the barrier. 

Distilland to be distilled, which may be sea 
water, is supplied to the eqnipmoit by con- 
duit 12, whidh enters a distilland distributor 

60 13 at the upper end of and "within the cylin- 
der 1. This distributor is mounted upon, and 
rotates with, a shaft 14, which ertends along 
the axis of die cyliinler, and which is rotated 
by means of a motor 15. It is provided with 

65 passages 16 through which distiUand flows to 



ttR inner surface 2 of the cylinder, where it is 
distributed by wipers 17. 

The shaft 14 carries wipers 17, better 
shown in Fig. 5, which are caused to bear 
against the inner surface 2 by means of 70 
springs 18, also better shown in Pig. 5. The 
disrilbnd is sapf>lffid to the surface 2 direct^ 
in advance ci mese wipers 17, and it runs 
down the entire length of the cylinder m 
advance of the wq)ers. The wipm 17, winch 75 
are constructed of carbon or plasdc material 
luiving good wear qnalides and whidi are 
wetted by the distilland, have surfaces 19 
inclined to surface 2 by a. small angle, and 
which engage the surface 2 to act as sUpper 80 
bearings to distribute the dt<iH»a T^d in a thin 
£lm over the entire surface 2, thickness of 
the ^kn being determined by the paes&ure of 
the springs IS and die width and ;mgle of 
eqgagement of the surfaces 19. By proper 85 
ccmstrucdon of these men^Tets, the Sbn of 
distiUand may be soffidendy chin so diat it 
extends from one wiper to the next, thereby 
to cover the entiie surface but only with 
sufficient thickness to avoid dryness of the gd 
surface in advance of the next wiper. Such 
dryness is objectionable because it is likely 
to result in die dqposit of ^oJids upon the 
surface. Furthermore, the layer of A'sHllat^ H 
is so thin that it does not fiow by gravity 95 
over the surface, but lies vpm it with uni* 
form thickness except for the effect of evap- 
oration. 

V^por risii^ frcan the surface 2 passes 
Inward through passages 20 in the distri- loo 
butor 13, is con^ressed by tite ocHnpressor 
10, and .passed downward through openings 
25 in an annular collar 26 between the cylzn- 
der 1 and an outer cylinder 27 where it ccm- 
desDses upcm the outer undulating smface of 105 
the cylinder 1. The condensate is drawn by 
surface tendon to the drainage grooves of the 
surface of cylinder 1, and flows downward in 
those grooves to the bottom of die cylinder 
and out through distillate conduit 28. no 

Any excess distilland which does not 
evaporate from the inner surface 2 dows down 
in a narrow concentrated stream in advance 
of the wipers and out throtigji concentrate 
condnit 29. 

It will be noted that die wipers 17 are 
s^memed along the length of the cylinder, 
the Jvarious se^ents bemg aKke and each 
segment being independaidy spring jxressed 
agamst the cylinder. In this way the efiectiye 120 
wiping of the surface is achierai irTcq>ecdve 
of imeg ularitig therein. 
WHAT WE CLAIM IS: — 
1. A ccmdeaang surface structure;, partial- 
larly for use in distillation apparatus, made 125 
of good heat oonducdve material, one surface 
of which serves as an evaporation surface^ the 
other surface being fluted or undulated ver- 
tically and serving as a vapor condensing 
surface and condensate runof ; liquid to be 130 
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evaporated being distributed on said evapora- 
don suiface in form of a thin film, wherein 
the fiutings or undulations are formed such 
that the vaDeys between crests serving as 

5 condensate runoff» are unsymmetrical with 
respect to a line between die tip of the crest 
and the bottom of die valley such that the 
fintings form narrow grooves, the condensa- 
tion area of each crest being lai^er than die 

10 valley runoff area, preferably at least twice as 
large, thereby effecting efficient heat transfer 
dxrough the structure by combining a maxi- 
mum condeising area substandaUy free of 
condensate with a mfnimiim area for drainage. 

15 2. A conden^ng surface structure accord- 
ing to. Qaim 1^ characterized in that the 
surface is cyHndrical, forming a closed, inner 
evaporation sadaoe, and the fiutings are on 
die outside of the cylinder. 

20 3. A condensing surface structure accord- 
ing to Qaim 1, cfaaxacteiized in that the 
fiutings, or unduktions, are formed to have a 
cross sectional oudine which is, substantially, 
and f]ffeferaJ>ly entirely, determined by the 

25 ezinressicm: 




where r, C, and x are as defiixed in the sped- 
ficatum. 

4. A condensing surface structure accord- 
30 ing to Qami 1, characterized in that the 



grooves of the flutings are formed to have a 
cross section which is sub^stantialfy semi- 
circular, and preferably, entirely, determined, 
by the expresskns: 



where the values are as defined in the speci- 
fication. 

5. A condensing surface structure aocord- 
ing to any of the preceding clakns and in 
combination with means to supply liquid to 40 
be evaporated to the evaporation surface, and 
duct means to supply die vapor evaporated 
from the evaporation surface to the condens- 
ing surface. 

6. A condensing surface structure accord- 45 
ing to Claim 5> characterized in that the 
means to supply liquid to be evaporated to 

die evaporating surface indudes distributiosi 
means, such as wipers^ for distributing the 
Hquid on the evaporatipg surface in the form 50 
erf a thin fihn. 

7. A condensing siu^ace structure substan- 
tially as shown and. described and with refer- 
ence to the accompanying drawings. 

WM. BROOKES & SON, 
Chartered Patent Agems, 
No. 1 Quality Court, 
Chancery Lane, London, W.C^. 
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